High magnetic field transport measurements and ab initio calculations on the layered superconductor TaSe 3 have provided compelling evidences for the existence of a three-dimensional strong topological insulator state. Longitudinal magnetotransport measurements up to ~ 33 T unveiled striking Shubnikov-de Hass oscillations with two fundamental frequencies at 100 T and 175 T corresponding to a nontrivial electron Fermi pocket at the B point and a nontrivial hole Fermi pocket at the Γ point respectively in the Brillouin zone. However, calculations revealed one more electron 2 pocket at the B point, which was not detected by the magnetotransport measurements, presumably due to the limited carrier momentum relaxation time. Angle dependent quantum oscillations by rotating the sample with respect to the magnetic field revealed clear changes in the two fundamental frequencies, indicating anisotropic electronic Fermi pockets. The ab initio calculations gave the topological Z 2 invariants of (1; 100) and revealed a single Dirac cone on the (1 0 -1) surface at the point with helical spin texture at a constant-energy contour, suggesting a strong topological insulator state. The results demonstrate TaSe 3 an excellent platform to study the interplay between topological phase and superconductivity and a promising system for the exploration of topological superconductivity. † The authors contributed equally to this work.
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I. INTRODUCTION
A distinct feature of Majorana Fermion, which could be realized in solids as quasiparticle, is that it is its own antiparticle and the bound state obeys non-Abelian statistics, thus making it potential for the use in low decoherence topological quantum computation [1] [2] [3] [4] [5] [6] . In addition to many proposed systems such as the superfluid 3 He 7 and the ν = 5/2 fractional quantum Hall system 8 , etc., the topological superconductors (TSs) are also thought to host Majorana Fermion because the interplay of nontrivial band topology and superconductivity is expected to give rise to topological superconductivity with spin-momentum locking of topological surface states, which is capable of creating a solid-state environment for the Majorana Fermion 9-11 . In the theoretical scheme, the Majorana Fermion behaving as Majorana zero modes occurs in general in vortices and on edges of effectively spinless superconducting systems with odd-parity triplet pairing symmetry [4] [5] [6] [7] [8] , that is, p-wave pairing symmetry in one dimension (1D) and p x ± ip y pairing symmetry in two dimensions (2D). The Sr 2 RuO 4 12, 13 and Cu x Bi 2 Se 3 superconductors, 14, 15 which have been proposed to possess p-wave triplet pairing ground state, have therefore gained considerable attentions since it is known that p-wave superconductors are very sparse 11 . However, a consensus on the p-wave pairing symmetry in the two superconductors has not been reached yet. An alternative equivalent p + ip pairing superconductor 4,9 , i.e. a heterostructure constructed by a topological insulator (TI) and an s-wave conventional superconductor [16] [17] [18] , was experimentally verified to host topological superconductivity induced by the proximity effect in the spin-helical topological surface states 4, 9 . A single material with equivalent p + ip type superconductivity, which is free from the disturbance of the interface physics as that in a heterostructure, is preferable for exploring Majorana Fermion, thus guiding tremendous efforts to examining the nontrivial topological states in known superconductors. Majorana zero mode was argued to be observed in some superconductors such as FeTe 0.55 Se 0.45 (T c = 14.5 K) [19] [20] [21] [22] , (Li 0.84 Fe 0.16 )OHFeSe 23,24 , CaKFe 4 As 4 (T c = 35 K) 25 , and a 2M-phase WS 2 (T c = 8.8 K) 26 , suggesting that intrinsic TSs are actually suitable systems for the exploration.
The layered transition-metal trichalcogenides TrX 3 (Tr = Nb, Ta; X = S, Se), with the schematic crystal structure of the representative TaSe 3 shown in Fig. 1(a) , are a family of superconductors that have not been well studied because of the rather low T c of ~ 2 K. Previous attentions on them were primarily paid on the possible interplay between charge-density-wave (CDW) states and superconductivity [27] [28] [29] [30] . As an exception, the trigonal prismatic TaSe 3 has gained less interest since its superconducting properties were observed decades ago 27 , due to the absence of CDW transition. However, studies exposed high current-carrying capacity of TaSe 3 31 , implying that this material has potential use as an interconnector in electronic devices.
Besides, it was found that quasi-1D nanowires of TaSe 3 had lower levels of normalized noise spectral density 32, 33 , thus offering potential for downscaled local interconnect applications. However, knowledge on the electronic band structure of TaSe 3 is still very limited, which therefore motivated us to investigate this ever overlooked superconductor by using magnetotransport measurements and ab initio calculations. Interestingly, our work revealed a three-dimensional (3D) strong topological insulator (TI) phase with Z 2 invariants (1; 100) and a single Dirac cone on the (10 ) surface at the point with helical spin texture at a constant-energy contour.
The result is nicely consistent with the results of a very recent theoretical work 34 .
II. EXPERIMENTAL
The TaSe 3 crystals were grown by using the self-flux method. Starting materials of Ta powder (99.9%, Aladdin) and Se (99.999%, Aladdin) granules were mixed in a molar ratio of 1 : 6 and placed into an alumina crucible. The assembly was heated in a furnace up to 750 o C within 9 hrs, kept at the temperature for 20 hrs, and then slowly cooled down to 450 o C at a temperature decreasing rate of 1.5 o C/h. The excess Se was removed at this temperature by quickly placing the assembly into a high-speed centrifuge. Then, the quartz tube was cooled to room temperature in air. The shining quasi 1D crystals with a typical dimension of 2.4 × 0.1 × 0.06 mm 3 were obtained.
The typical picture of a crystal is presented in the inset of Fig. 1(b) .
The phase and quality examinations of TaSe 3 were performed on a Bruker D8 single crystal X-ray diffractometer (SXRD) with Mo K α1 (λ = 0.71073 Å) at 298 K.
The diffraction pattern can be well indexed on the basis of a trigonal structure with the lattice parameters a = 9.82160 Å, b = 3.49520 Å, c = 10.39720 Å, α = 90°, β = 106.3442° and γ = 90°, in the space group P2 1 /m (No. 11), consistent with that reported previously 29 . The schematic crystal structure in Fig. 1(a) is drawn based on the refinement results from the SXRD data. Fig. 1(c) shows the average compositions derived from a typical energy dispersive X-ray spectrum (EDS) measured at more than ten different points on the crystal, revealing good stoichiometry with the atomic First-principles methods based on the density functional theory (DFT) encoded in the Vienna ab initio Simulation Package (VASP) [35] [36] [37] was used. For all calculations, the cutoff energy for the plane-wave basis was set to 500 eV, the Brillouin zone (BZ)
sampling was done with a Γ-centered Monkhorst-Pack k-point mesh of size 6 × 15 × 5, and the total energy difference criterion was defined as 10 -8 eV for self-consistent convergence. The modified Becke-Johnson (mBJ) 38, 39 potential at the meta-GGA level was adopted to obtain the accurate band inversion strength and the band order.
The maximally localized Wannier functions (MLWFs) 40, 41 for Ta-d and Se-p orbitals were constructed to determine the hopping parameter values for tight-binding model.
The Wannier Tools package 42 , which works in the tight-binding framework was used to compute the surface spectrum including the surface density of states and the Fermi arcs based on the iterative Green's function method 43 .
III. RESULTS AND DISCUSSION
The temperature dependence of longitudinal resistivity ρ xx was measured with the magnetic field B perpendicular to the (1 0 -1) plane and the electrical current I along the b-axis. The ρ xx at B = 0 T is presented in Fig. 1(b) , which displays metallic conduction with decreasing the temperature, yielding a residual resistance ratio (RRR) ρ xx (300 K)/ρ xx (2 K) of approximately 26. With the measured temperature limit to 1.8 K, no superconducting transition is observed, consistent with the fact that the transition is only around 2 K. When B is applied and gradually increased, ρ xx is enhanced to be somewhat insulating with a plateau behavior at low temperature, which is commonly observed in many topological metals/semimetals [44] [45] [46] [47] . When T > Table I to guide a comprehensive understanding about these parameters.
To achieve in-depth insights into the SdH oscillations, the Landau level (LL) index fan diagram is constructed, aiming to examine the Berry phase of TaSe 3 accumulated along the cyclotron orbit. This is due to that the nontrivial Berry phase is generally considered to be a key evidence for Dirac fermions, which are caused by the pseudo-spin rotation under a magnetic field 49, 50 . In the L-K equation, γ (= 1/2 − ϕ B /2π) is the Onsager phase factor and δ represents the FS dimension-dependent correction to the phase shift, which is 0 for 2D system and ± 1/8 for 3D system in presence of nontrivial Berry phase 49, 51 . The LL index phase diagram is shown in Fig. 2(d) , in which the valley positions of Δρ xx against 1/B were assigned to be integer indices and the peak positions of Δρ xx were assigned to be half-integer indices. It is apparent that all the points nicely fall on a straight line, thus allowing a linear fitting that gives the intercepts of 0.3614 and 0.599 corresponding to F α and F β , respectively, verifying that both Fermi pockets have nonzero Berry phase. The analysis could be further supported by the following theoretical calculations which also suggest topologically nontrivial bands, guaranteeing the reliability of our analysis.
As we noted above, during the longitudinal resistivity ρ xx measurements, B was initially perpendicular to the [1 0 -1] direction, i.e. parallel to the [-1 0 -1] direction.
To map out the FS, we rotated the sample by gradually deviating the [-1 0 -1] direction from that of B. The rotation geometry is depicted in the inset of Fig. 3(a) , in which θ is the angle between B and the [-1 0 -1] direction. The angle dependent MR is presented in Fig. 3(a) , which exhibits clear magnitude change, exposing the anisotropic nature of the band structure. Fig. 3(b Fig. 3(d) . By a careful comparison between theory and experiment, we could reach a conclusion that the F α comes from one of the electron pockets near the B point, and F β comes from the hole pocket enclosing the Γ point.
More details about the electronic band structure of TaSe 3 would be helpful for understanding the magnetotransport properties. The mBJ band structure without spin-orbit coupling (SOC), presented in Fig. 4(a) , unveils a semimetal ground state with both electron and hole FSs in TaSe 3 . The fat-band structure shows that the valence band is dominated by Ta-orbital while the conduction band is derived from Se-p z orbital. The valence and conduction bands cross each other along the A-B and D-E lines near the E F , resulting in a band inversion which gives rise to nontrivial band topology of TaSe 3 . Fig. 4(b) plots the energy bands with SOC, which shows that gaps will be opened at the crossing points, creating a bandgap between valence and conduction bands at each k point. Thus TaSe As shown in Fig. 4(d However, it should be very cautious to examine the possible CDW order in TaSe 3 . It is known that CDW order appears in its analogues such as TaS 3 36 and NbSe 3 54 , which whereas had not been detected in TaSe 3 . The calculations on phonon dispersion of TaSe 3 show conflictive results on the imaginary frequency that characterizes the CDW.
One claimed that the phonon dispersion shows imaginary frequencies 55 whereas the other one argued that it can be safely excluded 34 . A very recent study on dimension controllable TaSe 3 mesowires suggested the observation of CDW by detecting an anomaly in the resistivity at 65 K 56 . The emergency of CDW order is generally related to the FS folding in the electronic structure, which may influence the nontrivial band structure. These conflicts definitely appeal further investigations to achieve a clarification.
IV. CONCLUSION
In summary, by performing high magnetic field magnetotransport measurements and ab initio calculations on the layered superconductor TaSe 3 , we have observed topologically nontrivial electronic bands stemming from the three-dimensional strong topological insulator state. We also have unveiled spin-momentum locking surface states. The results demonstrate the intrinsic superconductor TaSe 3 as an ideal platform for the study of the interplay between topological phase and superconductivity.
However, to realize Majorana Fermion, the surface states, which strongly depends on the position of chemical potential, should be well separated from the bulk states. If the chemical potential lies ~ 40 meV below the E F , as is shown in Fig. 4(d 
